Active packages are a type of package that changes the atmosphere conditions that surround the food to prolong its shelf life, keeping sensory properties and its safety, as well as food quality. The present study reports the development of a ternary Chitosan/Starch/PVA active film with hydroalcoholic extract of Ilex paraguariensis in corporated as antimicrobial agent. Films were prepared by casting 40 mL of 2% starch solution, 40 mL of 1% PVA solution and 20 mL of 1% chitosan solution on petri dishes, 1g of dry Ilex paraguariensis extract was also incorporated into film forming solution.
Introduction
Films of natural polymers incorporated with antimicrobial compounds have attracted interest in food packaging, because they can release antimicrobial compounds that control the food microbial flora [1] [2] [3] , improving the stability of these foods and therefore, their shelf life . In this sense, natural extracts and compounds with known antimicrobial activity have been incorporated into natural polymer films [4] [5] [6] . Extracts of plant species known for its antimicrobial activity, such as Ilex Paraguariensis A.St.-Hill. (Aquifoliaceae) [7, 8] , also known as yerba mate, have been incorporated as part of active antimicrobial films [8] [9] [10] .
As the main cause of food spoilage is the microbial growth, which causes the formation of metabolites that impart off-flavors, such as sulphides, alcohols, aldehydes, ketones and organic acids, causing the product to become unsuitable for consumption [11] , industry and academy have concentrated efforts in order to improve food preservation against microbial growth . The methods traditionally used for food preservation against microbial growth include thermal processing, drying, freezing, cooling, irradiation and addition of salt or antimicrobial agent [6] . As one of the functions of food packaging is food preservation, the incorporation of natural antimicrobial agents in a food packaging polymer is a cheap and effective way to develop an active package for food preservation, reducing the need of preservative agents.
Moreover, considering that one of the greatest advantages of incorporating antimicrobial agents in a food packaging is to reduce the use of food preservatives, active polymers based on the incorporation of antimicrobial natural extracts in the polymer structure in the form of films, labels, tags or sachets, can reduce inhibit or retard the growth of microbial flora, especially in the food surface (Wu et The infusion was filtered through quantitative filter paper and the volume was reduced to 50 ml under low pressure. After reducing the volume, the solution was subjected to freeze drying and lyophilized to obtain the dry extract.
Evaluation of Ilex paraguariensis Hydro alcoholic Extract Antimicrobial Activity
The extract was diluted to three different concentrations: 50 mg/ml, 100 mg/ml and 150 mg/ml. The antibacterial activity were evaluated against strains of
Staphylococcus aureus (NEWP 0023) and Escherichia coli (ATCC 25922). In vitro
analysis of antimicrobial activity was conducted using sterile discs.
The sensitivity test was performed as previously reported in the literature [20] .
To evaluate the antibacterial activity of extract, the isolates of S. aureus and E. coli were reactivated in brain BHI media at 37 °C for 48 hours. After this period, samples of each activated microorganism was spread uniformly on the surface of plates containing
Miller-Hinton Agar (Kasvi). Then, extract were placed on the surface of the plate with the aid of sterile forceps in equidistant positions. The same procedure was conducted with the control disk, Chloramphenicol (CLO-SENSIDISC 30). The plates were incubated at 36 °C for 24h. The antimicrobial activity was determined by the formation of inhibition halo, measured in millimeters [21] . testing, the samples were placed in an environment with 50±5% relative humidity and a temperature of 23±2ºC for a period of 40 hours.
Preparation of ternary films

Determination of Swelling Index
Swelling Index was determinate by the method described by Cavalcanti et al., Index (Si%) was calculated by equation (1):
Evaluation of antimicrobial activity of films with Ilex paraguariensis extract
S. aureus isolates were reactivated in BHI media at 37 ° C for 48 hours, then 20 uL of the activated culture was dissolved in 50 ml of sterile saline solution . Red Meat samples were cut into pieces of 1 x 0.5 x 3 cm (length x width x thickness), weighting about 2.5 g. Meat samples were contaminated with the previously prepared saline solution, then a set of samples were involved with the active film, while another set of samples with commercial polyvinyl chloride (PVC) film, as a control. Samples were incubated at 7.0 °C for 48 hours, as previously reported [12] ).
In order to test the antimicrobial effectiveness of films, after 48 h of incubation, films were removed and meat samples were soaked in 225 ml Peptone water (Acumedia) for 3 minutes. An aliquot of 1 ml was added to 9 mL of peptone water in order to obtain the initial dilution (10 -1 ). Then 1 ml of this dilution was placed into tubes containing 9 ml of peptone water to give 10 
Results and Discussion
thickness
Thickness of the films are given on Table 1 . The average thickness of the produced polymer blend film, with and without extract, was 0.032 ± 0.004 mm, this value is within the range found in the literature for biopolymer-based films. An average thickness of 0.022 mm was reported for PVA/Starch films impregnated with tea extracts [12] . Thickness measurements are important in the calculation of cross-section for the mechanical test of tensile strength.
Mechanical Properties
Mechanical tests were conducted for ternary blend and pure polymer films.
For pure PVA film, a 41.67 MPa maximum tensile stress (σ max ), a failure stress (σ) of 36.67 MPa, a specific strain (ε) of 196.98% and a Young's modulus (E) of 7.35
Mpa were recorded. These values are similar to those found in the literature [22] . For pure chitosan film, it was obtained a Young's modulus of 13.26 MPa, a σ max = 38.42
MPa, a σ = 22.63 MPa and ε = 11.89%. This behavior shows that chitosan has a higher spring compared to PVA, that is, tension of the material before it passes the elastic behavior is higher. Table 2 shows the values of the swelling index of the ternary films. There was a common trend to all samples, which constitutes initially present a continuous increase in the swelling to a maximum level reached in 5 minutes, with subsequent decrease due to saturation and release of water-soluble components of the films and / or because of solubilization of the samples. The swelling behavior is greatly influenced by the proportion of PVA present in the blend, since it has swelling above 700% in distilled water, and more than 1000% in the buffer solution during the first 10 minutes The degree of swelling in the formed films can be reduced by incorporating a hydrophobic component.
Swelling Index (Si)
Evaluation of in vitro antibacterial activity of the hydroalcoholic extract of mate tea
The averages of the inhibition halos of the different mate tea concentrations are detailed in Table 3 . The different extract concentrations did not inhibit the growth of microorganism Escherichia coli, but inhibit the growth of Staphylococcus aureus, as shown in Table 3 . This result is in accordance with results previously reported in the literature [23] .
Effectiveness of the Ternary Active Film
After 48 hours of incubation, active films were removed from meat samples infected with S. aureus and involved w. and colonies were counted. The results are on CFU/g for the meat sample involved with active film. This is a reduction of the order of two logarithmic cycles, proving the effectiveness of the active film. Raw red meat is very prone to microbial growth and oxidative reactions . Thus, an active packaging film that can preserve meat products for a longer time while chilled prior to consumption becomes highly desirable.
Conclusion
The active film has intermediate mechanical effectiveness hampered by high swelling index. According to the results obtained by this study, it is concluded that alcoholic extract of mate tea has antimicrobial activity against pathogenic bacteria of importance in food (S. aureus). Moreover, this antimicrobial activity is not reduced when the extract is incorporated in the polymeric matrix. Furthermore, combining Ilex paraguariensis extract with biopolymers can be an alternative in the development of antimicrobial active food packaging.
